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ABSTRACT 

This paper focuses on the role of Taiwan’s ‘latecomer firms’ that are also large firms in developing 
technological capability within the electronics industry. Taiwan illustrates a latecomer country that 
has industrialised in the late twentieth century through export-based industrialisation and 
latecomer firms are indigenous influences shaping this process. Large firms comprise a business 
segment distinctive from small firms and giant MNCs, and are characterised by strong 
commitments to innovation. Conceptually, a framework is outlined that connects latecomer firms 
with the triad business segmentation model, local technology learning as summarised by reverse 
product cycle dynamics and clustering. Empirically, the study focuses on the evolutionary dynamics 
of a latecomer case study, the Taiwan Semiconductor Manufacturing Company, to reveal important 
insights regarding the development of Taiwan’s internationally competitive technological 
capabilities. The case study reveals the significance of large latecomer firms to the technology 
learning process, and in reducing technology gaps with global leaders. 
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INTRODUCTION 


In recent decades, a burgeoning literature on 
Asia’s industrialisation has recognised a new 
select group of ‘latecomer countries’ of the late 
twentieth century, most notably South Korea 
and Taiwan. These latter-day latecomers are 
the first group of countries to industrialise by 
significant export-based secondary manufactur- 
ing activities since the first group of latecomers, 
including Japan, at the end of the nineteenth 
century (Gerschrenkon 1962). Especially with 


respect to South Korea and Taiwan, highlighted 
by Hobday’s (1994, 1995, 1997, 2001) and Kim’s 
(1997) pioneering analyses, the remarkable 
development of Asia’s new latecomer countries 
has been intimately associated with latecomer 
firms, an indigenous group of growth-oriented 
small, large and giant firms (Mathews & Cho 
1999, 2000; Mathews 2002; Wang 2005; Poon 
et al. 2006; Yeung 2007). Indeed, Scott’s (1987) 
anticipation of an evolving, nuanced spatial 
division of labour within Asia, specifically in 
relation to electronics, has been considerably 
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realised by the strategies of latecomer firms that 
have both elaborated the employment impacts 
of foreign direct investment (FDI) by multi- 
national corporations (MNCs) based in the 
United States, Europe and Japan (Bernard & 
Ravenhill 1995; Edgington & Hayter 2000; 
Alvstam 2002; Coe et al. 2004). This paper adds 
to existing case studies of Asian latecomer firms 
(Hobday 1997; Mathews & Cho 1999; Wang 
2005) by an analysis of the important, distinctive 
case of the Taiwanese Semiconductor Manufac- 
turing Company (TSMC) in acquiring, accumu- 
lating and locally transmitting indigenous 
technological capabilities. 

As Kim (1980, 1997) impressively argues, 
South Korea’s rise as a latecomer country 
has been predicated on the rapid learning of 
Western technologies through various processes 
of imitation and subsequently innovation, led 
by latecomer firms, most notably the chaebol, 
Korean controlled, giant, diversified firms 
organised around internal divisions of labour. 
For Asian latecomers in general, Hobday (1997) 
has stylised these particular processes of techno- 
logical catch-up in terms of reverse product 
cycle dynamics in which local firms begin as 
low cost producers of standardised (mature) 
products and subsequently develop the capabil- 
ities to produce higher value products and to 
engage in leading edge research and develop- 
ment (R&D) (Hayter & Edgington 2004; Poon 
et al. 2006). Hobday also recognised that late- 
comer firms have diverse characteristics and 
that in Taiwan, in comparison to South Korea, 
small and medium sized enterprises (SMEs) 
and large firms (LFs) have played vital roles in 
the country’s economic development. LFs are a 
third segment of business organisation, ‘in- 
between’ the categories of giant MNCs and small 
and medium-sized firms (SMEs), that have only 
recently been given much attention in economic 
geography (Hayter et al. 1999). In comparison 
to SMEs, LF typically employ thousands of people 
in multi-plant operations and are often multi- 
national in scope and in relation to giants are 
relatively focused in terms of product-markets. 
Moreover, LFs achieve their size, dynamism 
and ability to compete and compliment the 
giants as a result of their innovativeness. 

In Taiwan, LFs within the electronics industry 
have themselves varied considerably in origins, 
strategies and structures. As an LF, TSMC has 


© 2009 by the Royal Dutch Geographical Society KNAG. 


played a particularly crucial role for Taiwan’s 
electronics industry in developing semiconductor 
production and unlike most Taiwanese latecomers 
originated as an LF rather than develop as an SME. 
TSMC’s origins are further distinguished, first, by 
its creation as a spin-off from a prestigious 
government research institute, the Industrial 
Technology Research Institute (ITRI), dedicated 
to attracting foreign technology for use by local 
industry and, second, its start-up as a joint 
venture with a MNC. Joint ventures between 
local firms and MNCs often have highly prescribed 
operating and strategic mandates (Hayter 1981). 
However, in TSMC’s case it quickly developed its 
own growth strategy, becoming a MNC in its 
own right. Indeed, TSMC illustrates the role 
of Saxenian’s (2006) ‘argonaut’ entrepreneurs 
who are Asian engineering entrepreneurs who 
trained and worked in Silicon Valley and sub- 
sequently returned to establish sophisticated 
electronic companies in their Asian home 
countries to compete with or to become part 
of the supply chains of established MNCs. 
For TSMC, Taiwan’s Dr. Morris Chang is the 
extremely influential argonaut entrepreneur 
directing the fortunes of the company. 
Among Asian latecomer countries, agglomer- 
ation economies have been vital to the evolution 
of the electronics industries. As McCann and 
Arita (2006) argue, however, specifically in the 
context of electronics, the nature of clusters 
varies and on the basis of (different kinds of ) 
transaction costs they outline three types, namely 
pure agglomeration, industrial complex and 
social network models (see also Iammarino & 
McCann 2006). In this typology, Silicon Valley 
is an example of the social network model 
characterised by trust and partially open access 
to exchange of technological information. Of 
the other two types, pure agglomerations are 
typically dominated by SMEs, taking advantage 
of common labour pools and comprise random 
or unstructured inter-firm information exchanges; 
while industrial complex models centre on 
giants or LFs and feature stable, structured rela- 
tions among firms. A fourth general category 
also may be identified, the pure branch plant 
model in which local exchanges of information 
and trust are non-existent and agglomeration 
economies are largely in the form of shared 
infrastructure; the development of electronics 
in Scotland (‘Silicon Glenn’) at least in the 
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1970s illustrates this cluster type (Firn 1975). 
Among Asia’s latecomer countries clustering 
processes are predicated on a rejection of this 
latter model and in Taiwan and Korea have so 
far emphasised the industrial complex type. 

The basic objective of this paper is to analyse 
the evolutionary spatio-dynamics of TSMC as a 
distinctive lens by which to assess the evolution 
and spatial structure of technological capability 
of Taiwan’s electronic industry. TSMC is a 
dominant player in semiconductors, a major 
segment of the electronics industry. Indeed, 
TSMC and United Microelectronics Corporation 
(UMC) between them control three-quarters of 
the world’s $20 billion market for chips made 
under contract. TSMC’s growth reflects the 
role of LFs qua latecomers as innovative locally 
owned firms that have replaced the original 
dominance of MNCs in Taiwan while transform- 
ing the country’s operations from low cost 
manufacturing of standardised, electronic 
products to value added production based on 
R&D and design activities while outsourcing 
low-end manufacturing to China (Lee & Pecht 
1997; Amsden & Chu 2003). 

Conceptually, the analysis is framed by a 
discussion of the relationships between, business 
segmentation, the reverse product cycle model 
and clustering. Empirically, in order to capture 
its distinctiveness and representativeness TSMC 
is briefly contextualised within the development 
of Taiwan’s electronic industry as a whole in 
terms of size, growth, product-mix, export- 
orientation, organisation, role of FDI, other LF 
latecomers and government policies. Informa- 
tion for this study is based on indepth research 
interviews conducted in Taiwan during 2004 
with senior management of TSMC and several 
other latecomer firms in the electronic industry, 
together with representatives from government 
and industry associations, supported by reviews 
of secondary data on firms and industry indicators. 
Following an elaboration of our conceptual 
perspective, the paper reviews key features of 
Taiwan’s electronic industry to provide empirical 
context for the case study analysis. 


TECHNOLOGY LEARNING AND 
LATECOMER FIRMS: LARGE FIRMS 


Technological capability refers to the skills and 
knowledge required to perform practical tasks, 


and technological progress is achieved by learning 
that improves these skills and know-how (Lall 
1990). Technology learning is vital for productiv- 
ity growth and for the more efficient delivery of 
an ever-expanding array of goods and services 
(Malerba 1992). The processes of technology 
learning, however, are specific and contingent, 
dependent upon initial capabilities and the 
complexity of the knowledge involved. Indeed, 
societies vary considerably in terms of techno- 
logical capability and with respect to strategies 
and policies that will enhance learning (Britton 
& Gilmour 1978; Lall 1990; Rodrigo 2001). In 
general, albeit not without important caveats, 
economic development is predicated on increas- 
ingly sophisticated divisions of labour, specialised 
research and development (R&D) and innova- 
tory behaviour. For latecomer countries, the 
challenge of economic development is to close 
the technology gap and achieve parity in 
technological capability, with rich countries. 
Alternatively put, this challenge requires develop- 
ing countries to reverse conventional product 
cycle dynamics that emphasise product evolution 
from innovation to maturity (Hobday 1995; 
Hayter & Edgington 2004; Poon et al. 2006). 
That is, the developing country challenge is to 
move backwards along the product life cycle 
from reliance on basic factory skills employed 
in ‘isolated’ branch plants that manufacture 
mature, standardised products to ‘networked’ 
operations that feature sophisticated sources of 
learning, know-how required to innovative new 
products and ultimately leading edge R&D. 
For latecomer countries in the nineteenth 
century, in Europe, North America and Japan, 
the emergence of giant, domestically owned, 
internationally competitive firms were realities 
and in many cases a presumption of develop- 
ment strategies. By the 1970s, however, technology 
gaps between advanced and undeveloped 
countries had widened by the accumulating 
competitive and technological advantages of 
the former, in turn extended and institutionalised 
within the framework of established MNCs. Within 
potential latecomer countries in the 1970s 
established MNCs provided both formidable 
barriers and alternatives to the growth of local 
firms. Broadly stated, the accumulated 
competencies of MNCs embodied in control 
functions, notably R&D and head-office activities, 
overwhelmingly concentrated in developed 
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countries, and in global production and market- 
ing networks limit opportunities for new 
entrants. On the other hand, MNCs offer devel- 
oping countries ‘ready-made’ sources of expertise, 
global market connections, access to financing, 
and rapid growth prospects through foreign 
direct investment (FDI) or branch plants (Caves 
1971), —. 

As a source of technology learning and way 
to close technology gaps, FDI is a problematical 
bargain. In the establishment of mature products 
in branch plants, the availability of, or corporate 
willingness to teach basic factory skills is a location 
pre-requisite. However, MNCs are less willing 
or able to transfer sophisticated skills that are 
required for innovative production, local 
networking and R&D. Thus, MNCs are reticent 
to transfer know-how that threatens their core 
competencies that could be absorbed by local 
rivals, In addition, more innovative activities in 
production and management require greater 
skills and qualifications within the firm and 
among suppliers, and are harder to teach and 
absorb locally by workers and firms. It cannot 
be assumed that FDI generates learning processes 
that will move local technological capability 
back along product life cycles, a concern widely 
supported in the literature (Hayter & Edgington 
2004), 

Asia’s latecomer countries in the 1970s, notably 
South Korea and Taiwan, recognised the dilemma 
of reliance on FDI as a source of learning to 
enhance technological capability and eliminate 
technology gaps. In response, these countries 
have emphasised the creation of indigenous 
technological capability, as Kim (1997) articulates, 
predicated on learning, imitating and modifying 
state of the art practices as a basis for globally 
innovative leadership, or what Hobday (1997) 
summarises as the reverse product cycle model 
(and Freeman 1987, as the reverse engineering 
model). Latecomer firms have played vital roles 
in these approaches, albeit with important 
national variations. South Korean and Taiwanese 
experiences are especially illustrative in this 
regard (Fields 1995, 1998). Thus South Korean 
policy has been more resistant to FDI than in 
Taiwan and from the beginning has favoured 
the creation of giant, diversified MNCs namely, 
chaebols that rival established Western and 
Japanese MNCs. Taiwan’s latecomer firms have 
been smaller in scale and more complimentary 
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to FDI. But ‘smaller in scale’ does not imply the 
conventional sense of ‘SMEs’. Rather, Taiwan’s 
most influential latecomer firms are large and 
international in scope and, we suggest, occupy 
a ‘large firm business segment’ that is distinctive 
from the SME and giant firm segments that 
form the basis of the conventional dual model 
of business segmentation (Figure 1). 

In the terms of the idealised characteristics of 
the so-called triad model of business segmenta- 
tion, as an ideal type, giants are represented by 
MNCs and TNCs (transnational companies) 
(Figure 1). Giants are diversified across, and 
powerful players within, the market segments 
they serve, draw competitive advantages from 
substantial firm- and factory-level economies of 
scale with respect to R&D, production and 
marketing and are expansion driven with many 
operations in multiple countries. Organisation- 
ally, the giants are hierarchical, divisionalised 
bureaucracies. In comparison to the giants, as 
an ideal type, LFs focus on dominating specific 
market segments and are innovation driven, 
emphasising economies of scope as well as scale 
in support of relatively specialised production 
and marketing networks that may be interna- 
tional in scope. Organisationally, LFs are more 
likely to be controlled by dominant ‘hands-on’ 
entrepreneurs and to have flatter organisa- 
tional structures than giants. Meanwhile, LFs 
themselves are distinguished from (entrepre- 
neurially controlled) SMEs by their size, scope 
and innovation driven dynamism. In contrast to 
the dual segmentation model, movement 
between segments is plausible in the triad 
model. Thus ‘threshold firms’ (Steed 1982) are 
dynamic SMEs that are potential entrants to the 
LF segment while LFs may also originate as spin- 
offs from or downsizing by giants. While the 
great majority of firms begin as SMEs, and the 
conventional expectation is for LFs to emerge 
from the SME segment or as spin-offs from giants, 
the possibility to create LFs at birth needs to be 
recognised, as happened in the case of TSMC. 

If the ‘big’ distinctions between giants and 
SMEs are conventionally emphasised, LFs are 
nevertheless recognised in the literature as 
backbone firms, mid-sized firms, hidden 
champions, and mittel firms (Kuhn 1982, 1985; 
Nakamura 1990; Simon 1992; Hayter et al. 1999). 
Moreover, this recognition of LFs as a distinct 
business segment is underlined by their role in 
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Figure 1. The triad segmentation model (segments with 
permeable boundaries). 


regional development for three main reasons. 
First, the location origins of LFs are geographi- 
cally diverse and their location preferences 
for control functions, including R&D and 
innovative manufacturing, more varied than 
illustrated by the giants. LFs, for example, are 
frequently based in relatively remote places, 
typically associated with the founders’ hometowns. 
Second, LFs are big firms locally and far more 
so than SMEs employment levels have important 
local ripple effects. Third, LFs are innovative; 
their very existence pre-supposes an ability to 
expand beyond the SME segment and develop 
multi-plant operations. The ability of LFs to 
survive and prosper depends significantly on 
innovativeness and as innovators LFs may rival 
and compliment the giants. Simon’s (1992) study 
of 25 German ‘hidden champions’ succinctly 
reveals these roles. His firms are so-called 
because while they dominate (‘champion’) 
specific market niches they are otherwise not 
widely known (‘hidden’). Thus, his hidden 


champions are the leading global producers of 
their highly specialised products with global 
marketing networks and ongoing R&D pro- 
grammes, including firms that produce sophis- 
ticated machinery, such as Baader (fish-processing 
machines), Gehring (honing machines), J M 
Voith (paper machines) and Korber/Hauni 
(cigarette machines) as well as manufacturers 
of consumer products such as Stihl (chain saws). 
Many of Simon’s hidden champions are based 
in small, ‘out of the way’ communities where 
they dominate the economic base. 

We suggest that many of Taiwan’s large 
latecomer firms in electronics fit the LF segment, 
acting as specialised suppliers to giant MNCs, 
such as TSMG, or as rivals to giant MNCs in 
specific market segments, for instance, the Acer 
Corporation in relation to desk-top computers. 
This situation contrasts to the Korean industry 
where the leading latecomers are (well-known) 
giants such as Samsung and Lucky Goldstar that 
compete with MNCs in global markets across a 
range of goods. Moreover, in Taiwan LFs have 
typically emerged from a well-established, vibrant 
SME segment, although Chunghwa Picture 
Tubes began as a spin-off from Tatung, and Acer 
has spawned three other LFs. TSMC’s origins 
are especially distinctive as a creation from the 
beginning as an LF as a result of government 
policy and support by an MNC. 

In general, business segmentation (and organ- 
isation) has important implications for the nature 
of local development as realised through 
specific form of internal and external economies 
of scale and scope, and whether these economies 
are localised or dispersed. Alternatively stated, 
local development is influenced by the nature 
of transaction costs, that is, the costs and uncer- 
tainties of organising exchange relationships, 
within and among firms, within and among 
locations. In the case of electronics, there are 
strong (but not universal) tendencies towards 
the clustering of transaction costs, especially 
among innovative activities, most powerfully 
evinced by Silicon Valley (Arita & McCann 
2002; Saxenian 2004, 2006). Silicon Valley is 
widely regarded as the globally leading edge 
high tech cluster that has exerted impacts on 
clusters around the world. As McCann and Arita 
(2006) observe, however, specifically with respect 
to electronics, the nature of business organisation 
(and segmentation) implies different transaction 
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cost relationships within clusters. In their view, 
Silicon Valley features transaction costs dominated 
by a social networking model in which a popu- 
lation of sophisticated firms and related institu- 
tions is held together by a variety of transaction 
costs that are understood, trusted and directed 
towards enhancing innovativeness. 

McCann and Arita (2006) further suggest 
that the impacts of Silicon Valley should not be 
conflated with the spread of this particular 
model of clustering. Thus, they point to alternative 
clustering processes based either on more casual 
links about small firms or more structured 
transaction costs orchestrated by large and giant 
firms in an industrial complex model. Thus, 
there are important links in terms of flows of 
expertise and argonauts between Silicon Valley 
and Asian high tech clusters, such as the Hsinchu 
Science and Technology Industrial Park in Taipei, 
approximately 75 kilometres from Taipai, the 
nation’s capital (Wang 2002; Lee 2003). Never- 
theless, McCann and Arita contest Saxenian’s 
(2004) view that Hsinchu Science Park (and 
other Asian clusters) constitute a ‘Silicon Valley 
East’ cluster model that features unusually rich 
and varied interactions among diverse, equally 
innovative firms, competitive and co-operative, 
and other organisations, even as large-scale 
production within the cluster has declined in 
importance. In contrast, in the electronic industry 
clusters in Korea and Taiwan, giant and large 
firms have internalised and achieved greater 
control and secrecy over transaction costs while 
maintaining a strong commitment to large-scale 
production. 

In Asian latecomer countries, this industrial 
complex model cluster makes sense to the 
extent that sophisticated externalities are under 
development and leakages of know-how to 
international rivals could be particularly 
damaging. Nevertheless, both forms of business 
organisation and clustering processes can evolve 
in place. In this regard, clustering in Korea and 
Taiwan differ and there are perhaps some 
reasons to anticipate that in Taiwan a shift 
from the industrial complex towards the social 
network model of clustering is possible. Thus, 
compared to Korea, in Taiwan, latecomer firms 
are large, not giant, there is a bigger, established 
pool of SMEs (Fields 1988), government funded 
R&D is not significant (Johnston et al. 1989; 
Field 1995) and Taiwanese electronic firms have 
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been extremely adaptable to rapid change 
(Mathews & Cho 2000). 

In Taiwan, while latecomer firms have been 
primarily perceived as SMEs, several latecomer 
firms have become LFs and provide a vital 
endogenous dynamic that shapes the domestic 
division of labour especially in the electronics 
industry. A brief overview of the Taiwanese 
electronics industry sets the context for an 
examination of one such LF, TSMC. 


TAIWAN’S ELECTRONIC SECTOR 


The evolution of Taiwan’s electronics industry 
is well known, and is only summarised in terms 
of key selected qualitative changes, as repre- 
sented by product focus, the role of MNCs and 
government policies (Table 1) and various 
specific trends (Tables 2 to 7). This evolution is 
itself part of broader changes in the structure 
of Taiwan’s post-Second World War economy 
from textiles and heavy industry to consumer 
electronics and information technology. In 
brief, Taiwan’s electronics industry originated 
in the late 1940s when some local firms began 
to assemble simple transistor radios using 
imported parts from Japan (Wade 1990, p. 93). 
Subsequently, the industry expanded rapidly 
via exports and the progressive upgrading of 
production from low value consumer products 
in the 1960s (transistors) to higher value con- 
sumer products (black and white then colour 
TVs) in the 1970s to an increased emphasis on 
even high value computers and equipment, 
communication and telecommunication prod- 
ucts and semiconductors. Early production in 
the 1950s involved small firms serving local 
markets, with just one MNC established in 1954 
(Gee 1981, p. 1) but in the 1960s FDI from the 
US, Japan and Europe created an industry 
dominated by MNCs that employed low wage 
(and productive) labour to assemble standardised 
consumer products, mainly for export, such as 
calculators, radios and TVs using imported 
components, although Japanese FDI remained 
oriented towards domestic markets. However, 
since the 1970s, as the industry has reversed back 
along the product life cycle towards increasingly 
sophisticated products and R&D activities, 
latecomer firms became more important and 
since the late 1980s LFs in particular have 
dominated the industry (Table 2). 


LARGE AND LATECOMER FIRMS 


Table 1. Evolution of Taiwan’s electronics industry: Selected features. 


Period Product-market focus Latecomers and MNCs_ Government policy initiatives 
1940s/50s_ Simple transistor radios, Local firms for local Tariff protection. (Textiles main concern). 
wires, light bulbs. markets. 
1960s Transistor radios, tape MNCs dominate, Statute for technical co-operation, EPZs 
recorders. exports increase (asdo__ established. Tariffs reduced. 
imports). 
1970s TVS (black and white, MNGs, joint ventures Local content rules. Research institutes, ITRI 
colour). and latecomer firms, (1973), ERSO (1974) and III (1979), created 
especially SMEs. to stimulate technology transfer to 
latecomers. 
1980s Computers and Latecomer firms, Science and Technology Development 
equipment, including LFs, more Programme (1979) targets information 
semiconductors, IBM important. technology as strategic priority. R&D 
compatibles. subsidies for latecomers. Hsinchu Science 
Park (1980) created, near Taipei. 
1990s Brand name computers, LF latecomers CCRL (1990) created. 


lap tops, Development 
of DRAM, TFT-LCD and 
ICs. 


patents. 


dominate. Increase in 


Development Plan (1991—96) selects 10 ‘star 
industries’ as priorities, many in electronics. 
Specific programmes developed for ICs, 
DRAM, and LCD. Tainen Science Park 
(1995) created in south. 


Notes: EPZ: Export processing zone. ITRI: Industrial Technology Research Institute. ERSO: Electronic Service 
and Research Organisation. II: Institute for Information Industry. CCRL: Computer and Communication 
Research Laboratories. DRAM: Dynamic random access memories. TFT-LCD: Thin film transistor-liquid 


crystal display. ICs: Integrated circuits. 


For a good assessment of government policies see Tung (2001). 


Government policy initiatives have supported 
these trends. Thus the tariff protection enjoyed 
by the fledgling industry in the 1950s was removed 
in the 1960s and EPZs were established to help 
attract export-oriented FDI. Since 1970, govern- 
ment policy has arrested its emphasis on FDI 
and progressively helped develop technology 
learning among indigenous firms or latecomers 
by: the introduction of National Development 
Plans that give priority to the electronics industry; 
the establishment of local content rules; the 
provision of R&D subsidies; the subsidisation of 
Hsinchu Science Park; support for co-operation 
agreements with MNCs; the creation of several 
major R&D institutes, notably ITRI (Industrial 
Technology Research Institute), ERSO (Elec- 
tronic Service and Research Organisation), III 
(Institute for Information Industry) and CCRL 
(Computer and Communication Research 
Laboratories) to transfer technology to the private 
sector; and the provision of finance for the 


start-up of key companies in semiconductors 
(Lee & Pecht 1997; Chaponniere & Lautier 
1998; Chiu 2002; Amsden & Chu 2003). 

The government’s Science and Technology 
Development Programme introduced in 1979, 
elaborated by further programmes in the 1990s, 
identified information technology systems as a 
strategic industry, specifically with respect to 
semiconductors and computers, energy, materials 
and automation, and provided various R&D 
incentives (Wang 2002). Strategic targets were 
defined on the ‘two high-two large-two low’ 
principle, in other words, industries targeted 
were high in technology and value-added inten- 
sity, large in market potential and industrial 
linkages, and low in energy consumption and 
pollution (Chaponniere & Lautier 1998, p. 230; 
Amsden & Chu 2003). Firms could apply for 
state subsidies (up to 50% of development costs), 
low interest loans, research support, and other 
administrative privileges. ITRI, ERSO and III 
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Table 2. Taiwan: Largest manufacturing firms in llectronics, 2007. 


Name of company Major products Annual sales Employees Date established 
(US$b.) (global) 

Prior to 1960s: 
Tatung Corporation Consumer electronics and computers 5.8 30,000 1918 (originally a retail store) 
1960s: 
Pou Chen Corporation Apparel/Electronics (OEM) 5.8 N/A 1969 
1970s: 
Chunghwa Picture Tubes Visual telecommunications products, optronics 3.9 22,000 1971 (spin-off from Tatung) 
Kinpo Electronics Digital consumer, telecommunication, data-communication 0.9 8,298 1973 

and JA products 
Hon Hai Precision Contract manufacturing of electronic parts, PC notebooks 40.6 N/A 1974 

and cell phones (OEM) 
Inventec PC notebooks and other products (ODM/OEM) 7.9 N/A 1975 
Acer PC notebooks, computer systems and hardware (own brand) 11.3 7,800 1976* 
1980s: 
Synnex Technology International Corp. Computer parts (OEM) 4.4 6,000 1980 
UMC Semiconductor foundries (ODM) 3.4 12,100 1980 
MITAC International Corp. Servers, smart phones and other IT products (ODM) 2.8 N/A 1982* 
Compal Electronics Inc. PC notebooks (ODM) 11.7 16,000 1984 
BenQ TFT/LCDs and cell phones (own brand) 7.0 2,000 1984 (spin-off from Acer Corporation) * 
Advanced Semiconductor Engineering IC packaging and testing (ODM/OEM) 3.1 N/A 1984* 
Inc. 
MicroStar International Co. Ltd. Motherboards and computer parts (ODM) 2.5 N/A 1986* 
TSMC Semiconductor foundries (ODM) 9.7 20,000 1987* 
Quanta Computers Inc. Laptop manufacturers (ODM) 16.5 30,000 1988* 
ASUS Technology Motherboards and computer parts (ODM/OEM) 72 97,000 1989* 
2000s: 
AU Optronics TFT/LCDs (ODM) 9.0 43,000 2001 (formed from a merger between Acer 


Display Technology, Inc. est. in 1996, and 
Unipac Optoelectronics Corporation) * 
Wiston Corporation Wireless computer communication 6.8 N/A 2001 (spin-off from Acer Corporation) * 


Note: * = headquarters or significant facilities in Hsinchu Science-based Industrial Park. 
ODM = original design and manufacturing; OEM = original equipment manufacturing. 


Source. Partly based on Industry Week (2007). Additional information for each company on their date of establishment, range of products, number of employees, location of 
headquarters and factories, have been gleaned from company web sites. This examination indicates that a wide array of large firms have emerged in Taiwan; some from small 
firms that started more than 80 years ago and others from firms that emerged into the information technology (IT) sector during the 1970s and 1980s, and others still that 
formed more recently through mergers or spin-off companies. Overall, the analysis points out that most of Taiwan’s large firms were formed in the 1980s. In the case of Tatung, 
this firm developed from a small retail concern over 80 years ago into a major consumer electronics company and then into a major IT firm in the 1970s and 1980s (see Tsai 2006). 
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provided technological support for Taiwanese 
latecomer firms by helping to transfer advanced 
technology from foreign firms, providing major 
sources of high skilled jobs and training, and 
carried out R&D on cutting-edge technologies 
in conjunction with indigenous firms (Naughton 
1997; Amsden & Chu 2003). For example, ITRI 
focused on semiconductors and PCs, ERSO was 
the main source of technology for local inte- 
grated circuit (IC) manufacturers until the 
1980s and helped Acer make Taiwan’s first 
16-bit IBM-compatible personal computer in 
1984, and III has promoted the domestic use 
and development of computer systems (Chung 
1997). 

Finally, Hsinchu Science Park, perhaps the 
most successful technology cluster throughout 
Asia, has attracted networks of innovative 
activities by providing high-quality, subsidised 
factory buildings, tax and import duty exemp- 
tions, grants and subsidised credit, and easy 
connections with local universities and institutes 
(Wang 2002, 2005). Hsinchu Science Park has 
become a ‘breeding ground’ for Taiwan’s elec- 
tronics industry and by 1999 had attracted 
40,000 employees in almost 300 firms, including 
118 in semiconductors that are mainly involved 
in design and IC fabrication in electronics that 
accounted for 18 per cent of Taiwan’s total R&D 
spending in 1998 (Chaponniere & Lautier 
1998; Amsden & Chu 2003). By clustering its 
activities in the Park, and in nearby locations 
and Taipei, Tung (2001, p. 279) notes that the 
semiconductor industry has developed sig- 
nificant agglomeration economies through 
economies of scope in R&D, technology transfers 
between LFs and suppliers and through unusual 
information exchanges among the employees 
and managers of rival firms. 


Exports, value-added and LFs — The impressive 
growth of Taiwan’s electronics industry is based 
on exports that in 1980 amounted to $4 billion 
(Table 3) while electronics was second only to 
textiles in terms of manufacturing value added. 
By 1990 electronic exports had reached $13.1 
billion, or one-fifth of Taiwan’s overall exports, 
in 2000 exports were over $50 billion (over 
one-third of national exports) and 2006 exports 
reached over $73 billion (about one-third of 
national exports). Electronics had become 
Taiwan’s leading industry while the US and 


Table 3. Exports of Taiwanese electronics: Selected years 
1980 to 2002 (US$ billions). 


Year Exports Share (%) of total exports 
1980 4.1 n/a 
1990 13.6 20.3 
1996 30.1 25.9 
1999 37.6 31.0 
2000 51.8 35.0 
2002 42.4 32.5 
2004 60.5 33.2 
2006 73.4 32.7 


Data source: Taiwan, Ministry of Finance (2004). 


Japan have remained the dominant global 
electronic producers (Table 4). 

With growth, the product-mix of Taiwan’s 
electronics industry has been transformed 
towards higher levels of sophistication and 
added-value. The standard consumer products 
such as colour TVs, radios and watches, that 
dominated the industry in the 1970s, fell to 
around 10 per cent of production by the 
beginning of the1990s (Table 5). In 1989 Taiwan 
supplied 10 per cent of the world’s microcom- 
puters, 33 per cent of the computer terminals 
and graphics card production, 32 per cent of key 
board production, as well as 35 per cent of colour 
monitors (Ernst & O’Connor 1992, p. 119). In 
these and related products Taiwan remains a 
significant global producer (Lee & Pecht 1997; 
Yu & Zhang 2001; Amsden & Chu 2003; Wang 
2005). In the case of notebook computers, 
production rose from zero in 1998 to 34 per 
cent of global exports in 2003, a bigger volume 
than Japan. By the beginning of the current 
decade, computer equipment and parts were 
the major electronic exports (56.2% in 2001), 
followed by other electronic components and 
semiconductors (Table 5). 

As Taiwanese electronic production has 
become increasingly sophisticated, the role 
of MNCs has declined considerably (Table 6). 
Thus, the share of foreign owned branch plants’ 
Taiwanese electronic exports declined from 
over 80 per cent to just 7.9 per cent between 
1975 and 1998. Moreover, consumer electronics 
exports by indigenous firms, such as Tatung, were 
produced initially under original equipment 
manufacturing (OEM) contracts for Japanese 
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Table 4. Production and exports of the electronics industry (selected years, $US million). 


Country 1991 1995 1998 2000 2001 2004 
USA 

—production 206,413 285,097 318,294 385,145 319,187 271,498 
—exports 60,661 98,800 108,332 137,180 120,405 

Japan 

—production 207,400 267,109 196,180 263,451 194,461 197.807 
—exports 83,933 120,680 97,364 126,187 96,444 

South Korea 

—production 25,446 49,368 39,275 76,059 53,648 90.285 
—exports 17,306 34,698 32,253 60,223 45,259 

Taiwan 

—production 15,779 29,416 33,574 50,193 39,260 35.865 
—exports 13,580 32,332 37,949 57,015 44,715 

Hong Kong 

—production 8,340 9,597 8,218 8,083 7,033 4,487 
—exports 20,364 48,447 50,531 67,159 63,365 

Singapore 

—production 16,710 39,825 37,850 47,318 34,870 44,101 
—exports 22,382 62,495 58,717 75,169 63,545 

Malaysia 

—production 9,091 27,763 27,420 44,539 36,555 45,905 
—exports 10,578 33,124 32,985 45,612 39,437 

Thailand 

—production 5,403 12,511 14,577 18,880 14,350 20,096 
—exports 4,903 12,210 14,719 19,578 16,965 

China 

—production 13,663 52,456 81,035 177.131 
—exports 34,509 47,903 


Data: Reed Electronics Research (various years). 
Note: Exports include re-exports. It should be noted that re-exports are very high for Hong Kong and 
Singapore (Reed Electronics Research 2003). 


Table 5. Electronics product mix in Taiwan from 1991 to 2001 (%). 


1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 


Computer equipment & parts 37.63 44.06 47.46 51.81 54.96 56.76 55.82 57.40 56.22 52.53 56.20 


Semiconductor 8.13 7.44 9.77 7.48 9.75 11.27 14.76 12.76 14.69 19.64 15.65 

Communication & 13.16 11.10 9.98 10.05 8.36 7.78 682 7.58 6.44 6.03 7.37 
telecommunications 

Total consumer 10.86 864 625 5.17 420 3.18 246 2.07 1.91 2.13 2.32 

Other components 26.81 25.78 23.89 23.13 21.02 19.65 18.94 19.12 19.83 18.84 17.46 

Others 3.42 2.99 266 2.36 1.71 1.36 1.20 1.06 0.92 0.82 0.99 

Total 100 100 100 100 =©6©100)=6©100 6100 6100 6100) 6100 =100 


Source: Reed Electronics Research (various years). 


MNGs, that is, Taiwanese firms manufactured became less attractive for low-end consumer 
products that were branded and marketed by products. Simultaneously, indigenous Taiwanese 
Japanese firms. But as a result of increasing firms diversified into the computer equipment 
wages and a currency re-evaluation Taiwan and semi conductor fields, developed higher 
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Table 6. Share of foreign-owned firms in exports from 
Taiwan’s electronics industry, 1975-1998 (%). 


1975 1985 1991 1995 1998 


Electronics 81.9 35.7 18.4 8.1 7.9 
Total industry 19.7 10.4 8.5 7.8 vig 


Data source: Taiwan, MOEA (various years), Amsden 
and Chu (2003). 


levels of technological capability and redefined 
their relationships with MNCs. An increasing 
number of Taiwanese firms, beginning in the 
late 1980s, shifted from an OEM base to original 
design manufacturing (ODM) status, that is 
they provided product design services as well as 
manufactured for MNCs (Hobday 1995). In 
addition, domestic firms, notably Acer and Mitac, 
themselves became brand-name computer 
assemblers. Although this ‘own brand’ develop- 
ment was damaged by global recession in the early 
1990s, ODM activity has thrived and Taiwanese 
firms have increased their range of critical 
components and parts, notably DRAMs and 
TFI-LCDs (Poon 2002; Amsden & Chu 2003), 
especially for Japanese MNCs. Taiwan’s rapidly 
growing technological capabilities is further 
demonstrated by a substantial increase in 
patenting activity after 1990 (Table 7) and the 
ability of indigenous firms, such as TSMC, to ‘go 
global’ by investing in branch plants in Asia and 
North America. 

Finally, the shift towards the computer industry 
has been associated with the growing importance 
of LFs. Small firms (< 100 employees) never 
accounted for more than 15 per cent of electronic 
exports in the 1990s (Amsden & Chu 2003) and 
LFs in electronics and IT are now Taiwan’s most 
significant latecomers (see Table 2). Collectively, 
Taiwan’s electronic LFs are a differentiated 
group of firms that serve various final product 
markets and act as suppliers of key components. 
Thus, Acer with around 7,800 employees in 
2007 manufactures notebooks, Chunghwa 
Picture Tubes (CPT) with 22,000 workers in 2007 
is the world’s leading supplier of cathode ray 
tubes (21% market share), and Kinpo Electronics 
with 8,000 employees in 2003 became the 
leading global supplier of calculators and fax 
machines (Lee 2005). Most LFs started as small 
firms. CPT, for example, began as a small firm 


1997 =: 1998 1999 2000 2001 2002 2003 2004 2005 2006 


1993-95 1996 


1990-92 


Table 7. US patents granted to Taiwan, ITRI and TSMC. 
Pre 1990 


Source country 
and organisation 
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6,360 
255 
471 

74 


5,118 
161 
441 

8.6 


5,938 
197 
463 

7.8 


5,298 
207 
431 

8.1 


5,431 
217 
449 

8.2 


5,371 
221 
530 

9.8 


4,667 
298 
385 

8.2 


3,693 
208 
290 

7.9 


3,100 
218 
218 

7.0 


2,057 
153 
130 

6.3 


1,897 
110 
74 
3.9 


4,252 
366 
45 
1.0 


133 


2,639 


2,341 
55 
0.0 


Taiwan (%) 


0.3 
Source: US Patents and Trademark Office (2006), available at <www.uspto.gov>. 
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Table 8. Taiwan Semiconductor Manufacturing Company (TSMC): Selected characteristics 1987-2005. 
Characteristic Comment 

Origins Founded in 1987 as a joint venture between Philips Electronics and the Taiwanese 


Size in 2005 
Locations 


Government (through ERSO and ITRO). Headquartered in Hsinchu Science-based 
Industrial Park. 

21,496 employees, US$8.12 billion sales. 

8 plants in Taiwan (6 in Hsinchu Science Park) and plants in the US (1998), Singapore 
(a joint venture with Philips in 2001) and China. This latter facility received approval 
from the Tawainese Government in 2003 for a 200 mm wafer fab operated by TSMC 


Shanghai. In 2004 TSMC received approval to develop more advanced process 


technologies in Songjiang. 
Product-mix 


Integrated circuit (IC) manufacturer plus other foundry services such as mask making, 


IC packaging, testing and design support services. 


Organisation 
g 


Entrepreneurial (‘hands on’) running of company by Dr. Morris Chang, CEO and 


chairman. 21-72% owned by Philips. Rick Tsai became CEO in 2005. 


R&D 2003-5 


Budgets for 2003, 2004 and 2005 were respectively NT$12,713, 12,516 and 14,017 


(US$427 million). These budgets amounted to 6.3%, 4.9% and 5.3% of sales 


respectively. 
Innovation 


TSMC’s technological capability in process technology for ICs (wafers) is leading edge. 


In 2002 it received 462 patents in the US and 552 in Taiwan. In 2006 it received 471 


patents in the US. 
Market position 


A leading global supplier of (logic and memory) ICs. Market share of the foundry 


business reached 56% in 2002 and 49% in 2005. Over 200 customers. 


Exports 
Manpower training 


74% of production is exported, mainly to the US. 
On the job training is the major source of training for production workers. Off job 


training programmes are also required for all employees (basic training and general 
knowledge training) and specific programmes for production, engineering and 


management personnel. 


spin-off from Tatung in the early 1970s and 
grew from an OEM to an ODM and became 
large in consumer products. As noted, in the 
semiconductor industry, UMC and TSMC had 
different origins as spin-offs from ERSO and 
partially funded by the government. 

The remainder of this paper focuses on the 
latter and its role in technology learning 
processes, as student and teacher. The analysis 
explores the origins of TSMC in the Taiwanese 
electronics industry, its characteristics as an LF, 
the sources of its expertise, the roles played by 
FDI and of Taiwanese institutions in this process, 
and TSMC’s contributions to Taiwan’s evolving 
levels of technological capability. 


SEMICONDUCTORS AND TAIWAN’S 
SEMICONDUCTOR MANUFACTURING 
COMPANY (TSMC) 


TSMC began in 1987 as a large operation 
sponsored by the national government (through 
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ITRI) in co-operation with a foreign MNC and 
‘entrepreneurially’ directed by its hands-on, 
dominant chief executive officer and principal 
founder, Dr. Morris Chang. TSMC specialises in 
semiconductor activities and is the biggest silicon 
chip foundry (fabricating) firm in the world. In 
2003 it employed 16,000 employees in 12 man- 
ufacturing plants in four countries and had its 
head-office and R&D operations in Taipei. By 
2005 TSMC had over 21,000 employees. TSMC 
is a quintessential latecomer firm and LF; it is 
innovative, dynamic, focused, domestically owned 
and entrepreneurially controlled (Table 8). 
TSMC’s growth has been rapid and sales 
expanded from around $NT15 billion in 1994 
to $NT billion in 1998, $NT201 billion (US$5.8 
billion) in 2003 and over US$8 billion in 2005. 
North America is the firm’s biggest market, 
accounting for around 50 per cent of sales in 
2001, with domestic sales (26%) and Europe 
(19%) the next most important markets. As of 
2003, TSMC remained largely based in Taiwan, 
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especially Hsinchu Science Park where its head- 
quarters and six foundry plants are located, 
and in Tainan Science Park (southern Taiwan) 
where two plants are located. Between 1997 and 
2003, TSMC built nine fabrication plants while 
developing its technology to produce 6-inch 
wafers, then eight-inch wafers and in 2002 it 
became one of the few firms in the world 
capable of mass producing 12-inch wafers. 

In the semiconductor industry, there are 
several distinct stages, namely design, fabrication, 
assembly and testing. Traditionally, vertically 
integrated firms that combine the first two 
stages at least have dominated the industry 
(McCann & Arita 2006, p. 163). TSMC, however, 
began as large producer specialised solely in the 
fabrication or foundry stage, linked to upstream 
design suppliers and downstream users, provid- 
ing the latter with high quality, semi-conductors 
and related services as if they were in-house 
(Wang 2005, pp. 184—186). By eschewing branded 
products, TSMC emphasises its collaborative 
role and has built up impressive networks of 
customers and suppliers, both locally (especially 
in Hsinchu Science Park) and globally in strategic 
alliances with MNCs. TSMC’s innovativeness is 
organisational as well as technological. 

Dr. Morris Chang is the entrepreneurial 
dynamic underlying TSMC and the semicon- 
ductor industry in Taiwan. Chang, an argonaut 
entrepreneur mentioned by Saxenian (2006) 
who worked in Silicon Valley and returned to 
Asia, was born in mainland China and educated 
in the US (MIT, Stanford) in mechanical and 
electrical engineering. Following graduation, 
Chang gained wide experience in the US 
semiconductor industry. He was a Group Vice 
President at Texas Instruments from 1958 to 
1983, responsible for global semiconductor 
operations, the President of General Instruments 
(GI) from 1984 to 1985 (TSMC 2003) and from 
there he was recruited to be the new president 
of ITRI by the former Taiwanese Premier Yu 
and former ITRI president (Dr. Xu) in 1985. 

After becoming ITRI’s third president in 1985, 
Chang introduced the concept of a ‘pure-play 
silicon foundry’, a dedicated IC foundry firm 
engaged only in wafer fabrication (Hong 2003). 
At the same time, Chang was invited by the 
government to propose a new spin-off venture 
from ERSO that would take Taiwan into the very 
large scale integration (VLSI) era in the semicon- 
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ductor industry. The government had already 
stimulated the formation of UMC as a spin-off 
from ERSO and were keen to promote competi- 
tion in the private sector in semiconductors 
(Tung 2001). This decision was further reinforced 
because Tatung and other existing LFs were 
unwilling to take the risks of investing in the 
untried (in Taiwan) semiconductor industry 
(Mathews & Cho 2000). Chang, however, sug- 
gested that there was a potential market for a 
full-time silicon foundry due to the costs of 
establishing wafer fabrication facilities (fabs) 
that he predicted would continue to rise. In 
support of TSMC’s start-up, Chang proposed 
that the VLSI lab factory in ITRI should become 
part of TSMC. From the beginning, TSMC was 
planned to achieve economies of scale by 
manufacturing for both foreign and local 
semiconductor firms (under the OEM arrange- 
ment). Moreover, this venture could provide 
fabrication facilities for Taiwan’s small chip 
design firms that could not afford to build the 
chips themselves. Chang argued that it was 
necessary for TSMC to start from the outset as 
a ‘large firm’, capable of advanced technology 
development on its own. 

At start-up in 1987, TSMC required investment 
of around US$200 million dollars and Taiwan’s 
government under Premier Yu agreed to 
provide almost half of the financing on the 
condition an MNC was involved as a source of 
finance, expertise and credibility (ITRI 2000; 
Hong 2003). While contacts were made with four 
MNCs (Texas Instruments, Intel, Matsushita 
and Philips) only Philips was a serious candidate 
for the newventure. In return for an equity posi- 
tion, Philips provided US$40 million investment, 
transferred its more advanced VLSI technology 
to TSMC and its own portfolio of cross-licensing 
agreements (Mathews & Cho 2000; Hong 
2003). The balance (about 24%) of the start-up 
capital was provided by a group of Taiwanese 
firms. 

In outline, to anticipate the rest of the 
analysis, the realisation of TSMC’s expertise is 
multi-faceted (Figure 2). At its start-up TSMC 
drew upon Philips (an established MNC), ITRI 
and ERSO, and the technical and organisational 
abilities of Morris Chang. TSMC began operations 
with advanced technology; as Tung (2001, p. 271) 
notes ‘In 1987, TSMC’s 1.5 micron technology 
was close to the world frontier, and was much more 
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Customers 
(foreign buyers) 


Supplier 
firms 


Source: TSMC annual reports (various years). 


Figure 2. Technology learning of TSMC. 


advanced than UMC’s 3-5 micron technology’. 
Subsequently, TSMC has continuously sought 
technology support from the MNCs through 
various channels but especially through assorted 
partnerships with customers. Simultaneously, 
TSMC cultivated local market contacts and 
supplier arrangements within Taiwan and made 
great efforts to improve and further upgrade its 
innovation capability by increasing investment 
in in-house R&D, as well as benefitting from con- 
tinuing improvements in the quality of the 
local workforce. Its Tatwanese workforce anchors 
a global internal spatial division that has empha- 
sised China, and the US, its major market. 


TSMC: DEVELOPING TECHNOLOGICAL 
CAPABILITY 


Since its establishment, TSMC has developed its 
technological capabilities through unusually 
strong co-operative R&D with ITRI, reversing 
its technological dependence with Philips and 
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Foreign MNCs 


In-house R&D 
workforce training (ESS) 


Joint ventures 


other MNCs, the cultivation of local market 
relationships, interactions with equipment 
and component suppliers, and by investment 
in-house R&D and worker training. The develop- 
ment of TSMC’s core competences have been 
spatially centred in Hsinchu Science Park and 
decisively orchestrated by Morris Chang. 


Continuing research with ITRI — TSMC partly 
originated from a VLSI (very large-scale inte- 
grated circuit) research project (1983-88) 
funded by ITRI, and most resources involved in 
the VLSI project including engineers, equipment 
and process technology were transferred to the 
company after its establishment. As the spin-off 
firm of ITRI, TSMC has maintained a close 
relationship with ITRI for advanced technology 
projects. Before its first wafer foundry came into 
actual operation, TSMC was approved to rent 
the VLSI fab from ITRI/ERSO. There was also 
around 200 staff at ERSO, mostly engineers, 
who joined the new company after training 
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from Philips in the Netherlands (Hobday 1995). 
Experienced engineers from the national 
institutes became the backbone of TSMC and 
created long lasting bonds with ITRI (and 
ERSO). Moreover, TSMC’s initial co-operative 
agreement with ITRI regarding the VLSI, 
originally set to expire in 1991, has been con- 
tinually renewed. 


Customer partnerships: Reversing technology 
dependence with MNCs — Philips was a major 
source of advanced technology for TSMC in its 
early stage. Being TSMC’s biggest stockholder, 
Philips agreed to transfer its 2-micron and 
1.5-micron VLSI wafer-fabrication process 
technology at no charge under the equity agree- 
ment and in exchange for access to TSMC’s 
foundry service. Philips accounted for a great 
portion of TSMC’s initial competence since 
Philips possessed more advanced fabrication 
technology than ITRI/ERSO in 1987 (Mathew 
& Cho 2000). Under the equity agreement, 
TSMC was authorised to use Philips’ patents by 
paying a percentage of its net sales. Additionally, 
TSMC was empowered to use patents from some 
foreign MNCs such as IBM, Intel and Toshiba 
through Philips’s cross-licensing arrangements. 
In this latter respect, the transfer of Philips 
portfolio of cross-licensing agreements proved 
to be a valuable asset to TSMC since they made 
it exempt from many intellectual property 
disputes that pestered most fledgling semicon- 
ductor firms in Taiwan (ITRI 2000; Mathews & 
Cho 2000). 

Philips has also been one of TSMC’s main 
customers and it is through interactions with 
Philips and other customers that TSMC has been 
able to develop its technological capability 
and product values. While Philips demanded a 
certain (1.2-micron) processing technology for 
its chips, it transferred its chip specifications to 
help TSMC upgrade (Mathew & Cho 2000). With 
its peculiar strategy to focus on chip manufac- 
turing, TSMC soon caught up with Philips in 
wafer fabrication technology. According to 
Mathew and Cho (2000), by the time TSMC 
shifted to 0.8-micron process technology, it was 
no longer dependent on technology transfers 
from Philips. TSMC even achieved a better yield 
performance than Philips in the early 1990s and 
assisted Philips in improving its own yield man- 
agement (Hong 2003). 
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Increasingly, TSMC has turned to other 
MNGs as sources of expertise and markets while 
expanding its foundry capabilities into a wider, 
albeit related range of products. In particular, 
TSMC has entered ‘partnership’ arrangements 
with US and Japanese MNCs, by providing 
favoured customer access to its foundries in 
exchange for the transfer of advanced process 
technology. For example, following a 1994 
agreement, Advanced Micro Devices (AMD) 
was able to double its production capacity for 
its Am486 microprocessors through TSMC’s 
foundry, in return for transferring 0.5-micron 
processor technology to TSMC (Mathew & Cho 
2000). TSMC later made similar agreements 
with NEC and Fujitsu of Japan and Intel and 
Motorola of the US. In this way, TSMC both 
accumulated technological capability and 
attracted more customers. Moreover, TSMC’s 
increasingly advanced IC process technology 
has became the main source of its revenue, and 
its state-of-the-art 0.18 um-and-below manufac- 
turing processes accounted for approximately 
62 per cent of the firm’s revenues in 2003 (while 
the market mainstream technology remained at 
0.25—-0.18 um). 

Being a ‘pure-play’ foundry firm, TSMC did 
not have its own product. Instead, it offered 
foundry service to its customers. In other words, 
it was a supplier instead of a competitor to its 
customers. As a manager of TSMC noted: 


TSMC basically provides the foundry service 
and practical suggestions for products 
requested by our customers based on our 
experiences. That is to say, we don’t just help 
our customers to manufacture but also improve 
their products with our progressing technology 
(Interview conducted with Feng Wei-Zhong, 
the General Secretary in Human Resource 
Department of TSMC, 3 October 2004). 


TSMC’s peculiar strategy as a chip supplier 
for its customers has enabled it to increase econ- 
omies of scale and scope in chip manufacturing, 
production and innovation. As the firm 
expanded, TSMC became the major chip sub- 
contractor of many semiconductor firms, 
including those firms with their own chip 
foundries. TSMC drives down the costs of chip 
manufacturing while increasing its product 
range. Because each customer has different 
product specification, TSMC also realised 
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economies of scope in its production (of end- 
products) and related innovation, enabling 
TSMC to master various chips process technologies. 
TSMC thus became more indispensable to its 
customers. 

In aconference held in Taipei in 2004, chairman 
Chang stated that ‘TSMC was pursuing a 
“customer-partnership” business model to deal 
with the challenges of rising costs (of semicon- 
ductor manufacturing)’ (Taipei Times 2004), 
especially as a result of the disintegration of the 
global semiconductor industry and rising costs 
of chip manufacturing. According to Chang, in 
2004 ‘a state-of-the-art chip factory alone can 
cost up to NT$ 100 billion (US$3 billion)’, and 
it will cost an estimated US$ 1 billion for TSMC 
to develop the latest chip production technology, 
which is twice as much as the previous generation 
of technology (Taipei Times 2004). By providing 
high quality, reliable and low cost services 
TSMC enables chip designers and assemblers to 
avoid these massive fixed costs. 


Diversifying relationships with customers — 
During the 1990s the growth of DRAMs generated 
rapid growth for new kinds of chips that combine 
logic and memory functions and the rise of 
‘chipless’ semiconductor design houses (that 
do not manufacture or design chips per se but 
develop intellectual property for the IC indus- 
try) to develop reusable and re-programmable 
intellectual properties (Tung 2001, p. 274). 
TSMC has participated in this evolution 
through the acquisition of Tl-Acer, a joint 
venture producing DRAMs, and by providing 
advice and chips to the new chipless design 
houses. TSMC design advice was also stimulated 
by competition from new entrants in the 
contract chip business, such as Semiconductor 
Manufacturing International Corporation from 
China. The chipless design houses now comprise 
about two-thirds of TSMC’s customers (and they 
use more than one contract chipmaker). 

To ensure that customer’s demands were 
adequately addressed, TSMC conducted regular 
reviews, meeting with clients through the whole 
production process. TSMC engineers have 
drawn up improvement plans based on feedback 
from their customers. Moreover, TSMC assisted 
its clients to streamline their advanced process 
designs by providing a tested solution to various 
design issues, which helped customers to cut 
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costs and increase productivity before products 
went into production, and this in turn reduced 
the time to achieve ‘yield maturity’ for new 
products (TSMC 2003). 

As a TSMC manager noted: 


Since we are manufacturing IC for our 
customers based on their demand (proprie- 
tary designs), both our engineers and R&D 
group will be involved in the regular meeting 
with our clients to control the product quality. 
We now also offer the design service to help 
some clients with their product improvement 
(interview with Feng cited in TSMC 2003). 


Working closely with its customers also helped 
TSMC’s close relations with its customers, 
especially the design houses, has facilitated 
mutual trouble shooting regarding IC manufac- 
turing and product design. As a TSMC manager 
stated: 


We aim to improve the IC manufacturing 
process, and that is the priority of our R&D. 
Sometimes we also play the role as consultants 
for our customers regarding their new prod- 
ucts. For example, sometimes customers 
would show us their new product design and 
our engineers would study the feasibility of 
the new product and offer our customers 
suggestions to modify or even better the 
product design (interview with Feng cited in 
TSMC 2003). 


By establishing a pure-play foundry, TSMC 
helped stimulate many small chip designers in 
Taiwan, mainly located in Hsinchu Science 
Park. Moreover, as with its customers in general, 
TSMC does not compete with design houses 
for the most part and, given its technological 
capability and reputation for quality, TSMC has 
been an attractive partner. Indeed TSMC was 
largely responsible for the emergence of fabless 
chip design houses in the late 1980s and early 
1990s (Tung 2001, p. 271). 


Interactions with local suppliers — In addition, 
TSMC established strong and mutually beneficial 
relationships with key process machine and 
materials vendors, which have enabled TSMC to 
perceive new solutions and master the new 
process technology ahead of most IC foundry 
firms. TSMC engineers have maintained routine 
meetings with equipment suppliers to review 
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the machine and update the troubleshooting 
scheme; the frequency of the reviews depend- 
ing on the condition of each machine. 

As a source of technology learning for TSMC, 
Topco is an especially important local supplier. 
Launched in 1990, Topco is a major importer 
of machinery and materials in Taiwan and 
imports (on an exclusive basis) wafers from the 
Japanese Shin-Etsu Co. for TSMC. Shin-Etsu 
Handotai Co. Ltd (SEH) is a subsidiary of 
Shin-Etsu. Chemical Company and is the 
world’s largest silicon wafer manufacturer with 
a global market share of over 30 per cent in 
2003 (Topco 2003). TSMC itself has reduced its 
reliability on any single supplier to reinforce risk 
management and to ensure adequate material 
supplies for volume manufacturing. Neverthe- 
less, TSMC has maintained price, service and 
collaborative agreements with suppliers, 
including SEH because of its high product 
quality. Accordingly, Topco has maintained a 
close relationship with TSMC and in 1999, 
Topco accounted for 17.42 per cent of TSMC’s 
annual replenishment for wafers and other 
materials (TSMC 2000). 

While technically a broker rather than 
‘supplier’, Topco has provided customers with 
customised service regarding products, technical 
support, and has added value by offering com- 
prehensive service and increasing its product 
range. Topco has also taken advantage of its 
peculiar position to accumulate its own techno- 
logical capabilities by transfer technology from 
foreign firms. For Topco, these transfers involve 
tacit knowledge, such as vital know-how and 
technical skills, as well as physical goods. After 
the purchase of machinery and equipment, 
foreign firms have sent their engineers to 
Taiwan to offer technological assistance with 
local staff and Topco has been part of these 
schemes. Over time, acting as a medium of 
information exchange between its foreign 
suppliers and local buyers, Topco has accumulated 
technological know-how during this process. 
Thus, Topco transformed itself from an importer 
to a ‘catalogue goods supplier’, and has been 
able to perform equipment maintenance 


(Topco 2003). 


In-house R&D, worker training and workforce 
structure — TSMC has made great efforts to 
develop its own technology and ‘core com- 
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petence’ since it became independent from 
ITRI/ERSO; indeed this ambition is central to 
Chang’s demand for TSMC to be large from the 
start. In-house R&D is a central thrust of TMSC’s 
strategy to become a leading edge innovator 
(Figure 3). Thus, TSMC has continuously 
increased its R&D investment. And its R&D 
expenses have accounted for more than six per 
cent of annual net sales since 2001. In 2003, 
R&D expenditure was NT$12.7 billion, over six 
per cent of total sales. In 2003 TSMC set up a 
new R&D centre, TSMC Academy, within its 
headquarters in Hsinchu Science Park, to 
‘extend Moore’s law by innovative work internally 
as well as by working together with industry 
leaders and academics in finding cost-effective 
solutions’ (TSMC 2003). TSMC also has an 
auxiliary R&D centre in Tainan Science Park 
along with its Fab 6 plant located in south Taiwan. 
A rough indicator of R&D performance is 
provided by patent counts (see Table 7). In this 
regard, patents granted by the US to TSMC 
have increased substantially in the last decade, 
and in comparison to ITRI. Thus in 1995, 
TSMC accounted for approximately one per 
cent of all US patents granted to Taiwan but by 
2001 this share reached 9.8 per cent. In 2003 
the firm was awarded 431 US patents and 552 
Taiwan patents, mostly aimed at IC manufactur 
ing process improvement. 

Overall, TSMC’s workforce is well educated 
(Table 9). Between 1997 and 2003, as employment 
expanded by almost threefold, the workforce 
remained evenly split between production (and 
technical) workers and professionals (engineers, 
managers, clerical support). Indeed, roughly a 
third of employees are engineers while in 2003, 
almost 30 per cent of all employees had a MA 
or PhD and virtually all workers had at least a 
high school and possibly vocational school 
education. For new production workers, high- 
school education level is a basic condition, not 
because of any changing requirement within 
the firm itself or any new technology, but because 
of rising rapidly education levels in Taiwan. In 
2003, the portion of employees in TSMC who 
only graduated from high school is down to 30.4 
from 40.6 per cent in 1997. Female employees 
accounted for 57.8 per cent of total employees 
of TSMC by 2003, and more than 90 per cent 
of production workers. According to a TSMC 
human resource manager, female workers are 


© 2009 by the Royal Dutch Geographical Society KNAG 


18 CHIA-WEN LEE, ROGER HAYTER & DAVID W. EDGINGTON 
14,000 - 10 
9 
12,000 + pas 
8 8 
© 
10,000 + ae 
o 2 
= 8,000} 6 9 
Oo a 
z > 3 
fi 6,000 + 4 2 
= i= 
3 8 
4,000 |- 5 
2 
2,000 + 
1 
(0) 1 [ 1 1 1 1 1 1 1 1 0 
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 
Year 
annual R&D expense —?— percentage of the net sales 
Figure 3. The R&D expense of TSMC and its percentage of net sales (1994-2003). 
Table 9. TSMC personnel structure by job title and education level. 
1997 1998 1999 2000 2001 2002 2003 
Total employees 5,593 5,908 7,460 14,622 13,669 14,938 16,066 
Manager 681 730 704 1,249 1,286 1,465 1,627 
Engineer/ professional 2,200 2,467 2,765 4,950 4,600 5,077 5,697 
Assistant engineer/clerical - - 316 1,063 982 914 816 
Direct labour/technician 2,712 2,711 3,675 7,360 6,801 7,482 7,926 
% of direct labour 48.49 45.89 49.26 50.34 49.75 50.09 49.33 
Average age 28 29 29 28.9 29 30.0 30 
Average service year 3.3 3.9 3.8 3.2 4.1 4.2 - 
Education Ph.D (more than 20 years) 18% 2.2% 23% 2.2% 23% 3.0% 2.5% 
(years of Masters (18 years and more) 20.0% 22.2% 23.1% 23.7% 24.2% 25% 26.3% 
school University and colleges 37.6% 37.7% 38.5% 40.9% 40.9% 40.9% 40.8% 
education) (16 years) 
High school & vocational 40.6% 37.9% 36.2% 33.2% 32.6% 31.2% 30.4% 


school (12 years) 


Data source: TSMC annual reports (various years). 


stable and can provide the dexterity need to 
perform the delicate tasks involved in semicon- 
ductor foundry work. However, unwritten 
preferences for female operators have been 
modified recently to meet industry’s growing 
demands for labour. 
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Clustering processes in Taiwan — TSMC has 
played an important role in the emergence of 
the Hsinchu Science Park cluster and its con- 
nections to nearby Taipei. With its headquarters 
in Taipei, TSMC has concentrated its R&D and 
major production facilities in Hsinchu Science 
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Park, maintained closed relations with govern- 
ment research institutes and developed stable 
relations with a few key suppliers such as Topco. 
TSMC’s behaviour in this regard is consistent 
with an industrial complex model cluster 
(McCann & Arita 2006). With its substantial 
foundry capability, TSMC has helped spark the 
small local IC design firms (design houses) by 
offering them foundry services that, as the IC 
process technology has advanced, have come 
increasingly capital intensive and beyond the 
reach of small firms (Chang & Tsai 2000). 

Moreover, TSMC’s technological capability is 
globally recognised, practically evidenced by its 
international expansion in Asia and the US, and 
symbolised by its membership in international 
research consortia, notably the Competitive 
Semiconductor Manufacturing project and the 
VLSI (Very Large Scale Integrated Circuits) 
Alliance. In 2000, TSMC surpassed the ITRS 
(International Technology Roadmap for Semi- 
conductors) roadmap at the first time by its 
0.13-micron process technology. The ITRS assesses 
the semiconductor technology requirements 
and identifies the potential technological 
challenges and demands for the semiconductor 
industry in the next 15 years. This roadmap is 
a co-operative result of the global semiconductor 
manufacturers and suppliers, government 
organisations, consortia and universities. From 
this perspective, TSMC is on the cusp of attaining 
leading-edge process technology among the 
global semiconductor manufacturers. 

TSMC’s industrial complex model cluster is 
changing, however, especially since 2002 follow- 
ing its investment in production facilities in 
mainland China. Indeed, concern has been 
expressed that Taiwan’s semiconductor cluster 
is threatened by relocation to China (Klaus 
2003), and more ambiguously by Chinese political 
ambitions towards Taiwan. Yet so far, only older 
production technologies in semiconductors 
have been relocated to China while innovative 
production and R&D activities have remained 
concentrated in Hsinchu. Moreover, while 
China’s appetite for chips is growing, global 
demands elsewhere are huge and the share of 
the world’s chip market completed on contract 
is expected to increase from 15 to 50 per cent. 
TSMC is well situated to serve both Chinese 
and global demands for chips and to reinforce 
its role as a reliable, high quality contractor. 
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TSMC’s patent record, and that for Taiwan as a 
whole, indicates growing, not declining, strength 
in terms of innovation, the key to maintaining 
the vibrancy of the Hsinchu semiconductor 
cluster. As for the political relations between 
China and Taiwan, if the general rhetoric is 
often hostile, in terms of personal and business 
practice, networking ‘to and fro’ is becoming 
increasingly intimate and co-operative, in effect 
involving an extension of the industrial complex 
model of clustering. 

While there are significant challenges facing 
the future of Taiwan’s electronic industry, 
specifically the shift of production to China, 
there is now a significant concentration of 
latecomer LFs, including TSMC, that provide a 
considerable, potential ‘critical’ mass of talent 
in electronics, much of it located in close proximity 
to Taipei and Hsinchu Science Park. The anti- 
cipation underlying the idea of critical mass in 
this context is that the strength and scope of 
innovative activity and localised external econ- 
omies of scale and scope will ensure the contin- 
ued evolution of electronics in Taiwan. Indeed, 
given the strength and nature of the external 
economies generated among semiconductor 
activities in Hsinchu and nearby locations, it 
may be suggested that this cluster is progressing 
towards the Silicon Valley social networking 
model. 


CONCLUSIONS 


TSMC is an integral part of the evolution of 
Taiwan’s electronic industry and its dynamic 
role in the Asian and indeed global divisions of 
labour (Wang 2005; Poon et al. 2006; Yeung 
2007). The remarkable growth of Taiwan and 
other recent Asian latecomers is often labelled 
in terms of their commitment to export manu- 
factured goods. But an emphasis on indigenous 
latecomer firms has been a critically important 
organisational strategy that has driven these 
exports and their changing nature in a way that 
has enhanced economic development. Although 
in different ways, both countries have rejected 
dependence on MNCs as a developmental 
approach. In Taiwan, LFs are the key latecomer 
firms whereas in Korea they are giants. As both 
Korea and Taiwan seek to further develop — but 
from a higher cost and technologically more 
sophisticated base than 30 years ago — it will be 


© 2009 by the Royal Dutch Geographical Society KNAG 


20 CHIA-WEN LEE, ROGER HAYTER & DAVID W. EDGINGTON 


interesting to see if either model has an advantage 
over the other. For Taiwan, the advantages 
rooted in LFs for continued innovation relate 
to their flexibility, versatility and diversity. 

With respect to general policy implications, 
Tung (2001) has summarised eloquently what 
the Taiwanese Government did and did not do 
to stimulate the electronics sector. While many 
Taiwanese Government policies have wider 
relevance he recognises that ‘the entrepreneurial 
culture and reversed brain drain [argonauts] 
are somewhat unique to Taiwan’ (Tung 2001, 
p- 285). Nevertheless, we would raise the role 
of LFs as latecomer firms as a potential policy 
priority. Development policies in developed 
and developing countries alike have often 
been polarised between attracting FDI and/or 
promoting SMEs, with little thought to the 
important, dynamic segment of LFs. Policies that 
explicitly support LFs, including the potentials 
of government-funded research in this regard, 
need wider investigation. More attention could 
also be given to how clusters develop over time, 
perhaps using the McCann and Arita (2006) 
model as a template. 
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